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89Letters to the EditorOf Mice and Men
Atrial Fibrillation in
Veteran Endurance Runners
We commend the efforts ofGuasch et al. (1) in using an animalmodel
to understand the association between atrial ﬁbrillation (AF) and
chronic high-level endurance exercise (EE). It is clear from their study
that a complex interplay culminates in the increased prevalence of AF
in individuals performing chronic excessive EE. Caution should be
applied in extrapolating the results from an animal study to humans,
but their compelling ﬁndings add to the growing body of literature
that suggests that chronicEEmay induce autonomic disturbances and
atrial dilation/ﬁbrosis, which might play a major role in the initiation
of AF. Prior investigations have consistently found that autonomic
perturbations involving ﬂuctuations in sympathetic and/or para-
sympathetic tone immediately precede the onset of AF. The overall
autonomic imbalance appears to be more important than vagal or
sympathetic drive alone. In some extreme EE athletes, heightened
baseline vagal tone increases the heterogeneity of atrial refractoriness,
and high sympathetic tone generated during daily protracted exercise
sessions work in synergy to markedly increase the risk for AF.
The left atrial (LA) dilation and ﬁbrosis that developed after
16 weeks of intense aerobic training created a substrate for ar-
rhythmias in the mice (1). Similarly, LA dilation and ﬁbrosis have
been described in veteran athletes who have been performing sus-
tained vigorous aerobic activity for year to decades, and these EE
athletes have been noted to have up to a 5-fold increase in the
prevalence of AF (2). Hypothetically, the sustained volume overload
caused by protractedEEefforts stretches the pliable cardiac chambers
(especially the atria and right ventricle) and provokes excess oxidative
stress and sustained elevations of catecholamines, all of which can
lead to micro-tears in the myocardium that over time evolve into
scattered ﬁbrosis and remodeling of the LAdthe substrate for AF.
This cardiac strain immediately after such extreme EE events is
manifested by an increase in cardiac troponin,which generally returns
to normal after a few hours, but may result in persistent atrial
enlargement with increased ﬁbrosis when such activities are per-
formed chronically (2–4). Although the myocardial ﬁbrosis in the
animals did not regress with the cessation of EE, the AF inducibility
did resolve, theoretically due to the normalization of autonomic
toneda ﬁnding with potential clinical relevance to humans.
In summary, the paper by Guasch et al. (1) provides additional
insight into the emerging understanding of possible cardiova-
scular damage induced by chronic excessive EE.Salman K. Bhatti, MD
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longevity. Heart 2013;99:588–90.ReplyOf Mice and Men: Atrial Fibrillation in
Veteran Endurance Runners
We appreciate the positive comments from Dr. Bhatti and
colleagues regarding our observations in a high-intensity endurance-
exercise rat model (1). They point out the consistency between our
ﬁndings and clinical observations, and discuss evidence related to
the mechanisms that we uncovered.
We agree that catecholamine release and oxidative stress du-
ring exercise bouts are likely contributors. Other neurohormonal
changes, including renin-angiotensin-aldosterone system activa-
tion, are also relevantdfor example, losartan prevents experimental
exercise-induced myocardial ﬁbrosis (2). Strenuous exercise almost
doubles systemic and pulmonary blood pressure, imposing a sub-
stantial hemodynamic load. Speciﬁc chamber geometry (3) and
thin walls promote wall stretch and remodeling in the atria and
right ventricle (RV), whereas thicker walls confer relative protec-
tion to the left ventricle. Thus, plasma troponin increases correlate
with RV dysfunction after high-intensity exercise (4). Enhanced
atrial ﬁbroblast reactivity might promote chamber-selective ﬁbrosis
resulting from stretch and proﬁbrotic neurohormones (5).
Bhatti and colleagues stress the contribution of sympathetic–
parasympathetic enhancement, and state that “high sympathetic
tone generated during daily protracted exercise sessions work in
synergy to markedly increase the risk for AF.” However, atrial
ﬁbrillation (AF) episodes in endurance athletes most typically
begin at times of heightened vagal tone, such as at night, rather
than during exercise. Parasympathetic enhancement seemingly
plays a determinant role in endurance sport–related AF, on the
basis of both clinical (6) and experimental data (1). In our model,
parasympathetic enhancement was necessary for AF inducibility,
because atropine was effective in restoring sinus rhythm and
regression of parasympathetic enhancement after deconditioning
paralleled AF inducibility changes. Nevertheless, although para-
sympathetic tone is very important, it is certainly not the only
factor: atrial enlargement and ﬁbrosis clearly also contribute.
How sympathetic activation participates, whether by promoting
structural remodeling or by enhancing electrical instability
leading to AF onset, is an important question for future
investigation.
Further clinical studies will clearly be of great interest to relate
the results in our animal model to the types of remodeling asso-
ciated with endurance training in humans, and eventually to test
some of the therapeutic and mechanistic implications.
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Voltage Channels
We read with great interest the report by Mountantonakis et al. (1).
In this study, the authors reported that ventricular tachycardia (VT)
isthmus sites were contained within channels in only 37% of
voltage channels, and raised concerns about the suitability of using
such channels as a target for ablation of unmappable VT. The
authors came to this conclusion after analyzing a subgroup of 24
patients from a group of 140 patients who underwent VT ablation.
These ﬁndings differ from previous data in which the majority of
channels were related with clinical or inducible VTs (2,3).
Could evidence derived from 17% of patients with monomorphic
VT be applied to the great majority of VT patients? In our opinion,
great care should be exercised in extrapolating these results to the
full spectrum of VT because of these points:
1. Complete activation mapping during VT was not obtained,
and the circuit exit sites were not identiﬁed. Therefore,
a connection between the isthmus site and a close channel
cannot be completely excluded.
2. VT isthmuses not related to conduction channels are shown
in maps in which the lower voltage limit is set at 0.5 mV.
Could it be that isthmus sites were in incomplete channels
connected to the main channel, as it seems to occur inFigure 5A? In previous studies, VT-related channels were
always located within dense scar deﬁned by a voltage
<0.5 mV (2).
3. Voltage channels were identiﬁed during sinus rhythm and
VT isthmus sites during VT. How these sites were later
incorporated into voltage maps is very relevant, taking into
account that ventricular volume and spatial position of the
left ventricle may change during VT.
4. The average cycle length of channel-related VT was signif-
icantly shorter than that of VT not related to channels
(377  67 ms vs. 440  40 ms, p ¼ 0.01), but similar to the
VT cycle length (374  59 ms) reported in the previous
study in which the majority of VT isthmuses were in
channels (2). Could it be that fast VT isthmuses are
commonly located in voltage channels? Slow VT may have
a more complex substrate in which differentiation of central
isthmuses from the surrounding scar could be more chal-
lenging. If slow mappable VTs have a different substrate,
studies based on entrainment mapping could introduce bias
when studying the relationship of VT isthmuses and voltage
channels.Pablo Ávila, MD
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We would like to thank Drs. Ávila and Arenal for their comments
and interest in our work (1). The demonstration of voltage
“channels” during ablation of ventricular tachycardia (VT) was
originally proposed in the seminal studies by Arenal et al. (2) and
Hsia et al. (3); we do believe this ﬁnding continues to be of
importance in the ﬁeld of VT ablation. However, some have
adopted these ﬁndings to the degree that “empiric” ablation of
voltage channels is performed as part of a VT ablation procedure,
